Recently, the structure of flavonoid has been investigated using ESI/MS/MS combined with HPLC. [13] [14] [15] [16] Thus, it appeared important to us to investigate the fragmentation pathways of flavones in order to correlate the structures of the flavones with their fragmentation patterns, thus allowing a rapid identification and analysis of flavones.
In the present paper, seven flavonoid aglycones, which have similar structures, have been studied.
Their structure information is listed in Fig. 1 . The fragmentation information, which is very useful for structure identification of flavones, has been obtained using tandem mass spectrometry (displayed in Table 1 ). According to the ESI-MS n data, the fragmentation rules of these flavones have been summarized, and subsequently plausible schemes of their fragmentations have been proposed. Using all of these characteristic fragmentations, we can rapidly differentiate the flavone isomers. The negative ion mode was chosen because it appeared to be more sensitive, and may provide more useful fragment ions in the structure analysis of compounds.
Experimental

Chemicals
The flavones apigenin (1) and wogonin (5) were purchased from the Chinese Authenticating Institute of Material Medical and Biological Products (Beijing China); baicalein (2) was kindly provided by the Pharmaceutical Academy of Jilin University; norwogonin (3) was isolated from plants Scutellaria baicalensis Georgi by ourselves (their purity was checked by reversed-phase HPLC); acacetin (4), luteolin (6) and chrysin (7) were obtained from Sigma Chemical Ltd (Stlouis MO).
Aparatus
ESI-MS n experiments were performed on a Finnigan LCQ ion-trap mass spectrometer (Finnigan, San Jose, CA, USA) 
Nomenclature
The nomenclature adopted for the product ions containing intact A and B rings was adapted from that proposed by Ma et al. 12, 17 The i,j A -and i,j B -represent product ions containing intact A and B rings of the flavone skeleton, respectively; superscripts i and j indicate the C-ring bonds that have been broken.
Results and Discussion
The ESI-MS 2 data of deprotonated ions [M-H] -of these flavones (1 -7), summarized in Table 1 , display some common features; for example, all of the flavones exhibit losses of small neutral molecules and/or radicals from the [M-H] -ion, i.e. CO (28 Da), CO2 (44 Da), H2O (18 Da), ·CH3 (15 Da), which are useful for determining the presence of specific functional groups. Two groups of isomers have been separately analyzed to demonstrate the characteristic features of these flavonoid aglycones.
Analysis of hydroxyl flavones
Apigenin (1), bacalein (2) and norwogonin (3) with different substitution of hydroxyl groups (Fig. 1) were first investigated by full-scan ESI-MS, respectively. The common deprotonated molecular ions, [M-H] -at m/z 269, were obtained. Then, their ESI-MS 2 spectra were obtained, as summarized in Table l . By analyzing these product ion spectra data, the same fragmentation ions were observed in norwogonin and baicalein, which are different from apigenin's. The tri-hydroxyl groups in compounds (2) and (3) (Fig. 2a) . However, this ion has not been found in the MS 2 mass spectrum of the apigenin (1) (Fig. 2b) . The loss of H2O was also demonstrated by the mass-spectrum data of luteolin, listed in Table 1 . It can therefore be concluded that the ion involved in the loss of H2O (18 Da) was obtained only when the flavones had the vicinal hydroxyl group. In the MS 3 spectrum of the ion at m/z 251, the ion at m/z 223 was produced by the loss of CO (28 Da). For compounds (1), (2) and (3), the common successive losses of CO (28 Da) and CO2 (44 Da) gave rise to the ions at m/z 241 and m/z 225 in the MS 2 spectra. The location of the CO and CO2 losses were demonstrated to be attributed to the C-ring contraction. 18 It is worth noting that the ion at m/z 171 of compounds 2 and 3 ( Fig. 2a) , produced by the loss of C4H2O3 (98 Da), is the characteristic ion of compounds with trihydroxyl groups on the A ring.
It is interesting that, for apigenin (1) (Fig. 2b) , the most notable ions are the ion at m/z 149, attributed to a 1, 4 B -+ 2H ring-opening cleavage, and the ion at m/z 151, attributed to an 1, 3 A -ring-opening cleavage, which are formed from the cleavage of the C ring. According to the fragmentation data of these two ions, the substitution site of the hydroxyl group can be deduced. The presence of the ion at m/z 149 indicates that there is one OH group on the B ring of the flavone; similarly, the existence of an ion at m/z 151 demonstrates that there are two OH groups on the A ring of the flavones, and that it is not vicinal hydroxyl-group substitution.
The fragmentation mechanism of the luteolin compound (6) is analogical with that mentioned above (Table 1) A-CO2). Using these characteristic ions, the isomers have been easily and rapidly distinguished. By comparing the MS 2 spectrum data of compound 1 with those of compounds 2 and 3 ( Fig. 2) , we could observe that cleavage on the C ring can easily occur when substitution of the hydroxyl group is located on the B ring, which can be demonstrated by means of the ESI-MS n results of luteolin (6) and chrysin (7). In the MS 2 spectrum of chrysin (7), only one product ion at m/z 225 was observed, while about 10 product ions were observed in the MS 2 spectrum of luteolin (6) 1104 ANALYTICAL SCIENCES JULY 2004, VOL. 20 Table 1 ).
The experiment shows that the fragmentation mechanism of ESI-MS n is related to the substitution site and the number of hydroxyl groups in the compound. The greater is the number of hydroxyl groups in the structure, the easier is it to obtain the fragmentation ions, which can be explained by the electron-donating effect of the hydroxyl group to the ring in a conjugated system. When the number of hydroxyl group increases, the electron cloud density increases, and thus the system is more active.
Analysis of methoxy flavone isomers
Wogonin (5) and acacetin (4) . The loss of COH· (29 Da) was described by EI-MS previously. 19 The fragmentation mechanism for the loss of COH· may be deduced by the loss of 4-CO and one hydrogen atom in the molecule, and subsequently a steady conjugated system is formed. A similar fragmentation mechanism for the loss of CO2H· from 1-O and 4-CO and one hydrogen atom has been observed. Although the ion at m/z 212 results from the loss of two CO, the position is not known. A plausible fragmentation scheme for the [M-H-CH3]· -ion of wogonin has been proposed, and is shown in Scheme 1. The MS 3 product ion data of the [M-H-CH3]· -ion of acacetin is very simple; only one ion at m/z 240 was formed by the loss of CO from C-4. As a result, the two isomers have been successfully differentiated.
In the present paper, seven flavonoid aglycones have been investigated by using ESI-MS n . Some interesting losses of neutral molecules have been found, which allow us to determine the specific structure of aglycones. Furthermore, some of the diagnostic ions from retro Diels-Alder reaction (RDA) are helpful for the structural determination of A-and B-rings substitution, and it is possible to distinguish flavone isomers with identical molecular mass. Thus, the ESI-MS n technique is a rapid, sensitive and convenient method for the structure identification and analysis of flavone isomers.
